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A gel electrolyte in which nonaqueous electrolytic 
solution having a lithium-containing electrolyte 
salt dissolved in a nonaqueous solvent is gelled 
by a matrix polymer. The gel electrolyte includes 
a halogen substituted ethylene carbonate 
obtained by replacing one or more hydrogen 
atoms of ethylene carbonate by halogens. Since 
the halogen substituted ethylene carbonate (for 
instance, fluorinated ethylene carbonate) is 
extremely low in its reactivity with a negative 
electrode, a loss capacity is small so that it is 
very effective for obtaining a high capacity. 
Further, the halogen substituted ethylene 
carbonate has a melting point lower than that of 
ethylene carbonate, it can realize a large capacity 
with less deterioration of a low temperature 
performance than that of ethylene carbonate. 
Accordingly, a strength, a liquid retaining 
characteristic, a stability relative to the negative 
electrode, a battery capacity, a cyclic 
characteristic a load characteristic and a low 
temperature characteristic can be improved. 
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-e^-#4^#T^M: 4&&£&St, £&-m 

it, ^gt^St, -§Wf%^ ^MS^^kTSt. 

16. *J**tf»J:££. 13 *tW^t|l^&i 
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8. ii ^ s M,mmtft&&. last 8 %t 

jfc-sL. &&&&m. y-rftm. &&=-^m. 
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-MttlfJtA. T5Mft*t-ti£**IW*fiW4, *» LiPF 6 , LiBF 4 , 
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f&MM. 0. 4BiolAg 4 1.5mol/kg £^f^#J#%ftf>f & 

J^i± 1.5mol/kg tf, 1 ^a^J-mH5?#'^b^Tl^. 

'M^i-mm^M^^.M^A^-f 0.4ffiolAg Ht, &*&#i£ 
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$] 2. 1. 

^^wmm&^mMtm, 20^ 3or^#^,*, 

80%^-f 80%$L%3rt, B#+*kft##*toMU& 17 
50%^f- 50%. #4£$fc*4§* ^^^^Sg^L^iiJll 5%iUL 
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^T^JiiiE^ #92wt%ift#^(LiCoQ 2 ) ) 3frt%^^-iS|L6^5?rt% 



ftS£M$.Xto®&. 50nnx 300nun i£|H^# ^##-£*L 

#$*U*Jffc*JA5&B* 320am 
-fit, 6.9%^^^^.*^^^^^ 
& 4:2:4 SfrMlfciS^. 

<^#2 J.52> 



8 



&m so t> m&m$kfF&-%%.&®. %immtHHr% 200000, 

EC. Fl-EC PC if*LiPF 6 # 1:10:1 #rtJ&&£% ^Nfc.90T>^f. #r&# 

51 t. 50 1000000 #^fL&£&& 

^#52 t> 200000 #JMi*j**»^Ht 180000 # 

£4lt. F2-EC 

tjwl ii8^ i J- 52 mt*wm&.ft&m&&. 



41 





EC 


Fl-EC 


PC 


1 


0.2 


0.0 


0.8 


2 


0.5 


0.0 


0.5 


3 


0.8 


0.0 


0.2 


4 


0.2 


0. 1 


0.7 


5 


0.4 


0. 1 


0.5 


6 


0.5 


0.1 


0.4 


7 


0.7 


0.1 


0.2 


8 


0.2 


0.2 


0.6 


9 


0.4 


0.2 


0.4 


10 


0.6 


0.2 


0.2 


11 


0.2 


0.4 


0.4 


12 


0.4 


0.4 


0.2 


13 


0.2 


0.6 


0.2 



£2 





EC 


F2-EC 


PC 


14 


0.2 


0.2 


0.6 


15 


0.4 


0.2 


0.4 


16 


0.6 


0.2 


0.2 


17 


0.2 


0.4 


0.4 


18 


0,4 


0.4 


0.2 



£3 





EC 


Fl-EC 


DEC 


19 


0.2 


0.2 


0.6 


20 


n a 

%Jfa "X 


0. 2 


0,4 


21 


0.6 


0.2 


0.2 


22 


0.2 


0.4 


0.4 


23 


0.4 


0.4 


0.2 



4t4 





EC 


Fl-EC 


EMC 


24 


0.2 


0.2 


0.6 


25 


0.4 


0.2 


0.4 


26 


0.6 


0.2 


0.2 


27 


0.2 


0.4 


0.4 


28 


0.4 


0.4 


0.2 



10 



£5 





EC 


Fl-EC 


IMC 


29 


0.2 


0.2 


0.6 


30 


0.4 


0.2 


0.4 


31 


0.6 


0.2 


0.2 


32 


0.2 


0.4 


0.4 


33 


0.4 


0.4 


0.2 



£6 





EC 


Fl-EC 


PC 


LiPF 6 && 
mol/kg 


34 


0.5 


0.2 


0.3 


0.3 


35 


Q. 5 


0.2 


0,3 


0-4 


36 


0.5 


0.2 


0.3 


0.5 


37 


0.5 


0.2 


0.3 


0.6 


38 


0.5 


0.2 


0.3 


0.8 


39 


0.5 


0.2 


0.3 


1.0 


40 


0.5 


0.2 


0.3 


1.2 


41 


0.5 


0.2 


0.3 


1.4 


42 


0.5 


0.2 


0.3 


1.6 


43 


0.5 


0.2 


0.3 


1.7 


44 


0.5 


0.2 


0.3 


1.8 


45 


0.5 


0.2 


0.3 


1.9 



4L7 





EC 


Fl-EC 


PC 




46 


0.5 


0.2 


0.3 


LiBF 4 


47 


0.5 


0.2 


0.3 


LiNCCFgSG,^ 


48 


0.5 


0.2 


0.3 


LiNCC/gSQ^ 


49 


0.5 


0.2 


0.3 


LiCCCFaSQ^ 



11 



&8 





EC 


Fl-EC 


PC 


MM 


50 


0.5 


0.2 


0.3 


PAN 


51 


0.5 


0.2 


0.3 


PEO 


52 


0.5 


0.2 


0.3 


PMMA+PAN 



0.2CX 0. 5C 3C fr^F%iW**£*it* 5 *f*|\ 2 20 

4. 2V jf» IC AMMUfc. 3V^jt%>£, 1C 

^'^%i^Jt%^^.#^#^^%M^^ ^IfT 300 

80%MJL$*J&&. a -IT, 300 JfcflSSf^ 80%#%*fl&#*d£ 

= (# 300 5 x 100 

(%) 

afcfrfc******* ^#4.2v^o.ic^%at o.ic 

=p**fcfc3f«2fcfc3fcf - (*rifeifci&£*) * loo (%) 

#;##i&&&#<& -^f^-20TC T0.5C 23 1: T0.5C 

f^m #f#£L% 40%^-f 40%^-. ii'Mtf-Wl^^c ****** 

4&£#<&= (-20t:T 0. 5C (23 T3T 0. 5C fifcSbfctt) 100 

(%) 



12 



80%&&-f 80% 

= (3Cifc%«) /(aSCJbfcg*) x 100(%) 
4 9 J. 16 H & T## 1 M. 52 ^^%)M-%>&^j|feif#^ 



49 










**(» 


1 


73 


55 


65 


91 


2 


81 


86 


36 


84 


3 


91 


91 


11 


63 


4 


80 


88 


68 


94 


5 


84 


90 


61 


92 


6 


87 


91 


57 


90 


7 


91 


93 


42 


87 


8 


81 


89 


63 


90 


9 


88 


93 


56 


88 


10 


92 


95 


44 


86 


11 


84 


93 


57 


89 


12 


89 


95 


46 


88 


13 


85 


94 


52 


87 


^ 10 




»(%) 








14 


83 


90 


65 


90 


15 


90 


94 


59 


89 


16 


93 


96 


47 


88 


17 


85 


95 


62 


91 


18 


91 


96 


51 


88 



13 



£11 











**<*) 


19 


88 


92 


70 


91 


20 


91 


95 


62 


90 


21 


94 


96 


49 


89 


22 


88 


96 


66 


93 


23 


92 


96 


54 


89 



£12 











«(%) 


24 


87 


93 


76 


91 


25 


92 


96 


68 


90 


26 


93 


95 


57 


89 


27 


89 


95 


72 


93 


28 


92 


96 


68 


89 



£13 













29 


89 


94 


73 


91 


30 


90 


94 


65 


90 


31 


93 


96 


53 


89 


32 


89 


96 


69 


93 


33 


93 


96 


61 


89 



14 



41 14 













34 


74 


73 


24 


72 


35 


82 


88 


41 


80 


36 


86 


91 


48 


84 


37 


90 


94 


50 


87 


38 


88 


94 


52 


88 


39 


89 


96 


49 


85 


40 


87 


93 


47 


83 


41 


89 


90 


44 


84 


42 


87 


90 


42 


82 


43 


86 


88 


40 


81 


44 


83 


85 


36 


77 


45 


75 


80 


29 


72 



£15 









#Tfi(%) 


**<» 


46 


87 


89 


41 


84 


47 


88 


91 


49 


85 


48 


90 


93 


52 


90 


49 


89 


92 


47 


87 



416 







mm 


&S<%) 




50 


88 


93 


45 


88 


51 


87 


94 


43 


84 


52 


88 


93 


46 


87 



15 



IMf#^^I^If» 0.4«ol/kg 3. 
l.Omol/kg^EjUt, mM^m^L 1. Omol/kg At, 

wmm*ffi%$f&7W> g*>m&#i&&.fa j f o. 4moi/kg « 



16 



